Objectives: The radial artery is used as a second arterial conduit in coronary artery bypass surgery. However, concerns exist about the thermal injury incurred to the radial artery during endoscopic harvest. We sought to assess this effect both histologically and radiologically. Methods: From February 2015 to March 2016, 50 consecutive patients undergoing coronary artery bypass surgery utilizing endoscopically harvested radial artery were prospectively studied. Computerized tomography coronary angiography scan was performed randomly in 8 patients who also had their respective radial artery analyzed histologically at the time of harvest. Standard coronary angiography was also performed in 4 additional patients driven by symptoms recurrence. Results: All patients were available for follow up at 1 year following the surgery. There was no mortality during follow-up. Three patients (6%) developed transient complications in the harvest arm which resolved. All radial arteries were patent on follow-up imaging. Histological examination showed integrity of the arterial wall, intact endothelial lining, patent lumens and no significant pathological abnormalities. Conclusion: The use of endoscopic radial artery harvest was associated with few self-limiting morbidities and excellent patency rates. In addition, there was no evidence of any thermal or traumatic injuries sustained to the radial arteries when examined histologically. The use of endoscopically harvested radial arteries appears safe with excellent results.
Introduction
The radial artery is increasingly used as a second arterial conduit in coronary artery bypass graft (CABG) surgery [1] [2] . This has been largely due to its excellent patency rates and adequate length with less morbidity associated with its harvest. The use of endoscopic radial artery harvest is gaining popularity in recent years owing to smaller incisions, greater patient satisfaction and less complications in the harvested arm while maintaining similar patency rates to the radial artery harvested by open technique [3] [4] [5] . There are still some concerns that by using endoscopic harvesting technique, the radial artery might be compromised by thermal injury which may lead to inferior long-term patency rates [6] . In this paper, we sought to assess the effect of endoscopic radial artery harvest on thermal injury incurred to the radial artery both histologically and radiologically. In addition, we report our results of endoscopic radial artery harvest both in the short and mid-term. placed on the second-best coronary artery system with stenosis > 70% in the left coronary system or >90% in a right coronary artery territory as per American heart association (AHA) guidelines. All demographics were recorded, and all patients were followed up clinically for one year after the surgery. Computerized tomography (CT) coronary angiography scan was performed randomly on 8 patients who also had their respective radial artery analyzed histologically at the time of harvest. Only 8 patients were histologically studied for two reasons: first we insisted on having 1 cm length of radial artery remaining after grafting to adequately study histologically and second reason was due to lack of funding.
Materials and Methods

Patients
Standard coronary angiography was required in 4 additional patients based on recurrence of angina postoperatively. All patients provided written consent to participate in the study and ethical committee approval was obtained.
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Endoscopic Radial Artery Harvest Technique
All patients who were scheduled to undergo radial artery harvest must have met the following criteria preoperatively. First, non-dominant hand was used for the harvest. Second, Allen test was <6 seconds the day before surgery in the arm harvest site. Third, Pulse oximetry examination just prior to radial harvest must have been normal after occlusion of radial artery. Fourth, suitable target vessel that is >1 mm with the type of stenos is mentioned previously.
Endoscopic radial artery harvesting was introduced in our institution in 2014, It was performed using the (VASOVIEW HEMOPRO 2, MAQUET Cardiovascular, Wayne; USA).
The left arm was placed on a surgical board and positioned at a 90˚ angle. A tourniquet was placed high on the upper arm. After prepping and draping the arm, 2 -3 cm longitudinal incision was made proximal to the wrist crease over the radial artery. A bipolar scissors (or a bisector) with low-energy electrocautery under direct vision, was used to dissect locally through the lateral muscular fascia to identify the radial artery and venae comitantes which were dissected as a pedicle. The radial artery was then clamped and pulse oximetry on the index finger was checked to assess radial and ulnar arterial flow. Heparin intravenously is then given at a dose of 2500 IU and allowed to circulate for 2 minutes. The tourniquet was then inflated to 75 -100 mmHg over systolic blood pressure, not exceeding 250 mmHg total.
Endoscopic harvesting of the radial artery was then performed from distal to proximal. The radial artery pedicle was then divided and ligated using the "stab and grab" technique in the antecubital fossa with an 11-blade. The distal end was ligated with a suture. After harvesting the radial artery, the forearm was then wrapped tightly with a bandage from the fingers to the elbow (i.e. distal to proximal) to evacuate the blood. All radial arteries were soaked and flushed in a solution containing a mixture of papaverine, diltiazem, saline and heparinized blood. All branches were then clipped. Patients were commenced on oral calcium channel blockers indefinitely (diltiazem) starting from postoperative day 1 or the day after extubation with the dose adjusted according to the patient heart rate.
Histological Evaluation
The proximal ends of radial artery were randomly collected from 8 patients and sent for histopathologic examination to evaluate the integrity of the arterial wall after endoscopic radial artery harvesting. The samples were immersed in 10% neutral buffered formalin. The length of the specimens ranged from 3 to 9 mm and all were processed to paraffin blocks. All paraffin embedded samples were 
Radiological and Follow-Up Evaluation
Computerized tomography (CT) coronary was performed using GE Healthcare (WI, USA). It is a multi-slice 256 detector row CT scanner. The same eight patients who had their radial artery examined histologically underwent follow-up CT coronary at 1-year interval. In addition, standard coronary angiography was also conducted in the remaining patients based on symptoms of recurrence of angina or recurrence of myocardial infarction and this was performed in 4 additional patients. All patients were followed up clinically for 1 year following surgery in the clinic and special attention to any cardiac readmission and recurrence of symptoms was made. No patient lost follow-up during the study period and the subsequent 1-year follow-up.
Statistical Analysis
All Data were collected prospectively in a departmental database (Patient analysis and tracking system, Dendrite clinical, UK). All data were presented as percentages, where applicable, mean and standard deviations were provided for continuous variables. Statistical analysis was performed using SPSS version 17
(SPSS, Chicago, IL, USA).
Results
Clinical and Angiographical Data
Fifty consecutive patients undergoing first time CABG using radial artery as a conduit were prospectively enrolled. All patients provided consent to participate in the study. As shown in Table 1 , majority of patients were males with mean age of 58 years old. Most patients had hypertension, diabetes and hyperlipidemia. Mean coronary artery graft number was 3.7 per patient and the majority was isolated grafts (76%). The target vessel for the radial artery was obtuse marginals followed by diagonals and posterior descending artery. Standard flowmeter reading after weaning from cardiopulmonary bypass using MEDISTIM (VeriQ C, elo systems, California, USA) is summarized in Table   1 .
All patients were available for follow up at 1 year following the surgery. As shown in Table 2 , 6% of patients (n = 3) developed transient complication related to radial artery harvest site. These were seen in 3 patients as follows: left thumb weakness in one patient, left wrist pain in another and left forearm hematoma in a patient who was on oral anticoagulant for atrial fibrillation. All these complications resolved within 3 months after the surgery. There was no 30-day mortality and 1-year survival was 100%. During follow-up period of one year, 4 patients (8%) required repeat revascularization by percutaneous coronary intervention (PCI) for recurrence of angina symptoms. These four patients had saphenous vein occlusion and patent radial arteries. In addition, the other 8 patients who were randomly selected underwent CT coronary angiography showed all patent radial arteries (Figure 1(a) and Figure 1(b) ).
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Histological Examination
The histopathological evaluation revealed that the walls of the harvested arteries were well preserved with normal integrity of all the layers. Most of the arteries showed thin intima with intact endothelium and internal elastic lamina (Figures   2(a)-(c) Few focal short detachments of the endothelium were seen in some vessels, notably in the shortest specimens most likely due to the proximity to the site of vessel clamp during harvesting. The internal elastic lamina (IEL) of all cases was also continuous without tears or fragmentation of the elastic fibers (Figure 2 showed no evidence of degenerative changes, no crushing or hemorrhage. All specimens had patent lumens and were free of fresh thrombi. In conclusion, the histopathological evaluation of the segments of the harvested radial artery displayed high integrity of the wall, intact endothelial lining, patent lumens and no significant pathological abnormalities. None of the arteries showed traumatic injury that could be related to the surgical procedure.
Discussion
Radial artery has gained a wide popularity as a second arterial conduit in coronary artery bypass graft surgery (CABG) owing to its characteristics and lower morbidity rates associated with its harvest. However, the overall use of radial artery is still underutilized with a report of the society of society of thoracic surgeons in 2008 showing that 6% of patients received a radial artery as a con-World Journal of Cardiovascular Surgery duit [7] . Endoscopic radial artery harvesting has been shown to have similar patency to open radial artery harvests up to 3 years with a lower rate of post-operative wound infection, hematoma formation, neurological dysfunction, improved cosmetic appearance and less pain [8] [9] . However, because the endoscopic technique is conducted in a closed small space, there are concerns raised regarding the potential of thermal and mechanical injury to the endothelium of the radial artery conduit [9] . In a prospective randomized trial, Shapira et al. have assessed the effect of endoscopic radial artery harvest technique on the vasoreactivity and the structural integrity of the radial artery by comparing to the open conventional technique. The author demonstrated that structural integrity and vasoreactivity of the endoscopically harvested radial artery remained intact [10] .
Histologically, the radial artery has a thin continuous intima of endothelial cells, a single internal elastic lamina and a relatively thick media of packed smooth muscle cells which predisposes to spasm [8] . In addition, the radial artery conduit is often free from atherosclerosis and has metabolically active endothelial and smooth muscle layers which contribute to greater flow velocity and the ability to remodel to target vessel size (9) . These findings are well in line with our findings histologically. In addition, in the samples we examined histologically, the use of endoscopic technique did not result in any demonstrable thermal or traumatic injury to the harvested vessel. This demonstrates the safe use of endoscopic technique in radial artery harvest. In addition, our excellent rates of patency of the radial artery used at 1 year follow up with few post-operative morbidities show promising results in endoscopically harvested radial arteries and their use as a second arterial conduit in CABG.
Limitations of the Study
There are few limitations in our study. First, our sample size of 50 patients is small. Secondly, we used random 8 cases to examine them both histologically and by radiological evaluation. This may have skewed our results. However, these cases were randomly chosen, and we still believe that these results will be reproduced in the remaining cases if they have been studied histologically.
Third, our follow up is generally short at 1 year. Fourth, we only studied the use of endoscopic harvest technique on histological appearance of the radial artery and we did not compare that to open harvest technique.
Conclusion
In this study, the use of endoscopic radial artery harvest was associated with few short-term morbidities which are self-limiting and excellent patency rates. In addition, the use of endoscopic technique in radial artery harvest showed no evidence of any thermal or traumatic injuries to the radial arteries when examined histologically. The use of endoscopic radial artery appears safe and the results are excellent.
